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Retarded 
The visual acuity of twelve multi-handicapped, mentally retarded subjects, diagnosed as deaf- 
blind, was measured on two occasions with the Teller Acuity Cards (TAC). Eight subjects scored 
above the criterion for legally blind and the results of six of these indicated various degrees of poor 
to approaching-normal eyesight. To evaluate high-level vision four subjects were tested with the 
Fagan Test, assessing visual recognition memory for faces subsequent to familiarization with the 
preferential looking technique. The results for three subjects showed evidence for perceptual 
recognition. It is concluded that TAC combined with the Fagan Test may detect perceptual 
capacities unnoticed by clinical observation. © 1997 Elsevier Science Ltd 
Visual acuity Mental retardation Preferential looking Deaf-blind 
INTRODUCTION 
A number of reports indicate that the forced-choice 
preferential-looking technique (FCPL), originally devel- 
oped for testing vision in infants (Teller, 1979; Mohn & 
Van Hof-van Duin, 1991), may be successfully applied to 
measure visual acuity in multi-handicapped children and 
adults who are not testable with conventional clinical 
ophthalmological procedures (Mohn & Van Hof-van 
Duin, 1983; Hall et al., 1991; O'Dell et al., 1993). The 
FCPL is based on the infant's tendency to fixate any 
visible object in an otherwise mpty field, and does not 
require perceptual recognition, language skills or co- 
ordinated manual responses. When measuring visual 
acuity with FCPL, black-and-white luminance gratings 
are presented randomly to the left or right, and an 
observer who is blind to the grating presentation watches 
the subject's eye movements and guesses the location of 
the grating; visual acuity is the highest spatial frequency 
that the observer guesses the location of the grating with a 
probability of 0.75 correct (Teller, 1979). Mohn & Van 
Hof-van Duin (1983) used the preferential-looking 
technique to test children with neurological disorders, 
and were able to determine visual acuity for a majority of 
the subjects despite severe psychomotor retardation in 
some of the cases. Similar results have been reported for 
mentally retarded children and young adults (Lenner- 
strand et al., 1983), pediatric patients with developmental 
disorders (Mayer et al., 1983) and children with cortical 
visual impairment (Birch & Bane, 1991). 
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Most of these studies were laboratory based with 
different types of apparatus and test conditions. However, 
Teller and her associates have developed A standard test 
situation for clinical use, consisting of a set of calibrated 
photographic cards and a cardboard stage (Teller et al., 
1986). Recently O'Dell et al. (1993) tested 271 
individuals with mental retardation with the Teller Acuity 
Cards (TAC). They analysed test-retest as well as intra- 
and inter-observer reliability, and concluded that the 
acuity card procedure is a useful vision screening tool for 
these patients. Similar conclusions were reached by Hertz 
& Rosenberg (1988, 1992) for mentally retarded and 
spastic children, and by von Tetzchner et al. (1996) for 
females with Rett syndrome. 
These studies show that the varieties of the FCPL 
including the technically simple acuity card procedure, 
are valid and reliable techniques for determining visual 
acuity in severely retarded and disabled persons. In the 
present study we have used the TAC to test a selected 
group of subjects, namely multi-handicapped, severely 
mentally retarded persons who were previously diag- 
nosed as deaf-blind. 
A reliable FCPL acuity obtained in severely disabled 
persons does not by itself tell us anything about her/his 
visual perception in the conventional sense of visual 
recognition. It is conceivable that FCPL performance in
some subjects may be governed by subcortical mechan- 
isms of vision which are not involved in conscious 
perception. Studies of "blind-sight" in humans with 
unilateral lesions of the visual cortex (Weiskrantz, 1986; 
Ruddock, 1991; Stoerig, 1996) show above chance visual 
performance on detection and localization without 
conscious awareness of the stimuli, and in some of these 
cases the performance must be controlled by subcortical 
mechanisms (e.g. Magnussen & Mathiesen, 1989). In this 
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TABLE 1. Subject details, visual acuity and novelty preference forfaces in a sample of severely mentally retarded subjects previously diagnosed 
as deal-blind 
Subject details TAC Fagan 
Ophthalmological Visual acuity % Novelty 
Subject Sex Age (yr) diagnosis Refraction c/deg test-retest preference 
1 F 4 Cataract +3.0, +3.5 4.8-4.8 
Glaucoma Astigmatism 
2 F 14 Cataract RE -2.0, RE 19.0-19.0 53.7 
3 M 17 -- +5.0, +4.0 9.8-9.8 33.3 
4 M 18 MaDeg +1.0, Bin 2.4-2.4 
5 M 18 Cataract -- 0~0 
6 F 19 Cerat RE --4.5, LE 4.8-4.8 
7 F 20 Cataract LE --2.0, RE 9.8-13.0 57.0 
8 F 23 Cataract RE -- 6.5-NR 
Glaucoma LE 
9 M 23 Cataract --  1.6-2.4 
10 M 27 Cataract +2.0, RE 6.5-NR 
11 F 28 - -  Astigmatism 9.8-9.8 48.9 
12 F 30 Cataract +3.5, Bin 2.4-1.6 
RE, right eye; LE, left eye, MaDeg, macula degeneration; Cerat, ceratoconus; Bin, binocular; NR, not retested. 
sense FCPL acuities only index the resolution of the 
sensory system, and do not tell us about high-level vision 
(Van Hof-van Duin, 1989; Mohn & Van Hof-van Duin, 
1991). To conclude that the person has functional vision 
some additional indication of pattern or object discrimi- 
nation is required. In the present paper a subsample of the 
subjects was tested with the Fagan Test, which is a 
preferential looking test of visual recognition memory for 
faces (Fagan & Detterman, 1992). 
PREFERENTIAL  LOOKING ACUITY 
Method 
Subjects. The National Health Department keeps a 
continuous record of deaf-blind persons living in Nor- 
way; in 1994 a total of 86 persons diagnosed as born 
deaf-blind were registered of a population of about four 
million people. In the present study, 12 mentally retarded 
children and young adults from that register were tested. 
The sample comprised 14% of this population in Norway, 
and all the persons diagnosed as born deaf-blind living in 
the Oslo region where the study was conducted. Six of the 
subjects were females and six were males, varying from 4 
to 30 years of age (Table 1). Using the criteria of DSM-IV 
(American Psychiatric Association, 1994) seven subjects 
were diagnosed as severely mentally retarded (subjects l, 
2, 4, 7, 8, 10, 11) and five as profoundly retarded (3, 5, 6, 
9, 12). All subjects were multi-handicapped in the sense 
that they had combined sensory impairments; in addition, 
the subjects diagnosed as profoundly retarded exhibited 
severe psychomotor etardation. The subjects were 
unable to communicate in any formal language, hand- 
language or otherwise, except for subjects 2, 7, i0 and 11, 
who were able to signal very basic needs. 
In Norway, assessment and diagnoses of the visual 
capacities of the mentally retarded eaf-blind persons are 
based on a combination of ophthalmological examina- 
tion, careful clinical observation and informal testing of 
attention and responsiveness to visual stimuli, carried out 
by trained personnel. Ophthalmological data were 
available from the medical records of all the subjects in 
the present sample, and are summarized in Table 1. Nine 
subjects had refractive errors and these subjects were 
fitted with lenses prior to testing, except for one subject 
(No. 4) who refused to wear spectacles. 
Procedure. Visual acuity was measured with the Teller 
Acuity Cards with a modified test administration which 
included forced choice judgements, blind testing and a 
variant of the psychophysical staircase procedure. The 
TAC consists of 15 neutral grey cards containing a 
12.5x 12.5 cm square-wave grating at a distance of 7 cm 
from a tiny peephole in the centre; grating contrast is 
about 80% and background luminance matches the space 
average luminance of the grating. The spatial frequency 
varies between 0.32 and 38.0 c/deg for a viewing distance 
of 55 cm. The acuity cards are presented in a rectangular 
window in a larger cardboard screen shielding the 
subject's visual field. 
Eight of the subjects were tested in either home or 
institutional settings, four subjects were tested at a 
laboratory at the university. The subjects were either 
sitting in a supporting chair or, when not possible, were 
tested lying down resting on a pillow. In these (three) 
cases the cardboard screen had to be abandoned, but 
distance markers and lighting conditions were impro- 
vised so that in all cases test distance and card luminance 
conformed to test requirements. Testing was binocular. 
When the subject was considered attentive by the 
observer, a card with a grating randomly to the right or 
left was presented. The observer, who did not know the 
location of the grating, observed the subject's eye 
movements through the peephole in the centre of the 
card and guessed the location of the grating. Presentation 
always started with the lowest spatial frequency card and 
proceeded in half-octave steps towards higher spatial 
frequencies: when the observer's guess was correct a 
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higher spatial frequency was chosen on the next trial, 
when the observer's guess was wrong, a lower spatial 
frequency was chosen, always in half-octave steps. In the 
present study acuity is defined as the lowest spatial 
frequency of six-to-eight consecutive reversals of the 
staircase involving adjacent spatial frequencies. To 
achieve blind testing and avoid observer bias, the test 
cards were arranged on a table from low to high spatial 
frequencies with the grating patterns facing down; the 
observer otated the card several times, both before 
presentation and upon replacing the card on the table-- 
thus he had no clue to the location of the grating on any 
trial. 
In several cases it was not possible to catch the 
subject's attention over a sufficiently long time to 
complete testing in a single run. In this case the test 
was run a second time after a suitable break, starting once 
again with the lowest spatial frequency card and then 
proceeding directly to the next highest spatial frequency 
producing an correct guess by the observer on the 
previous run. With a flexible procedure and suitable 
improvisations visual acuity could be determined for 11 
subjects in a single session lasting from 20 to 80 min; one 
subject (No. 5) showed no response to any test card in 
either test or retest sessions. 
Except for two subjects who moved to another part of 
the country shortly after the first test session, subjects 
were tested on two occasions with a minimum interval of 
20 days between test and retest (median test-retest 
interval 27.5 days, range 20-30 days). All tests were 
performed by an experienced observer (author KJ). 
Individual scores on the first session were not consulted 
prior to retesting. 
Results and discussion 
Visual acuity estimates were obtained in 11 subjects, 
one subject (No. 5) with binocular cataract did not 
respond to any test card during either test or retest 
sessions. The results are shown in Table 1, with subjects 
assigned numbers according to age, for test and retest 
sessions independently. The test-retest reliability is good, 
confirming previous tudies (Hertz & Rosenberg, 1988, 
1992; O'Dell et al., 1993), with acuity estimates inthe ten 
patients who were retested iffering by no more than 
approximately 0.5 octaves. 
For three subjects (Nos 4, 9 and 12) blindness was 
confirmed in the sense that the visual acuities measured 
by TAC corresponded to the legal definition of blindness 
proposed by WHO (spatial frequency of 2.4 c/deg, 
Snellen acuity of 0.1). The remaining eight subjects all 
exhibited visual acuities above this criterion, and in two 
of the subjects (Nos 2 and 7) TAC acuities approached 
normal vision; the visual acuity scores were generally 
higher in subjects diagnosed as severely retarded 
compared with the profoundly retarded subjects. To get 
an idea of the visual performance of the subjects, 
consider that a visual acuity of 6-8 c/deg corresponds 
to the acuities measured in the 6-month-old baby (Mohn 
& Van Hof-van Duin, 1991), the rod monochromat 
(Greenlee et al., 1988) or the adult domestic cat 
(Crawford et al., 1990). Thus, provided vision is 
functional, these patients are by no means blind. 
The results upport anumber of previous tudies (Hertz 
& Rosenberg, 1988, 1992; O'Dell et al., 1993; von 
Tetzchner et al., 1996) that the technically simple TAC 
procedure is a valid and reliable technique for determin- 
ing visual acuity in severely mentally retarded subjects. 
However, as noted above, FCPL grating acuity tests do 
not index high-level vision in infants or disabled persons 
(Van Hof-van Duin, 1989; Mohn & Van Hof-van Duin, 
1991). They do not tell us about perception proper, how 
the subject will perform on normal visual tasks involving 
recognition and identification. Conventional recognition 
tests (optotype tests) on the other hand, which do involve 
these higher-level perceptual-cognitive functions, con- 
found problems of visual resolution, high-level vision 
and cognitive-communicative skills when applied to 
such persons. Therefore, when deficits in perception are 
suspected, a preferential looking test should be supple- 
mented with a perceptual test measuring visual recogni- 
tion and vice versa. However, most tests of recognition 
require that subjects understand and can follow verbal 
instructions and make an appropriate r sponse. They are, 
therefore, not applicable tothe current subjects. 
To evaluate perceptual recognition we decided to test 
those subjects who had a sufficiently high acuity score 
with the Fagan Test (Fagan & Detterman, 1992), recently 
applied to evaluate the presence of high-level vision in 
Rett syndrome (von Tetzchner et al., 1996). The Fagan 
Test is a test of visual recognition memory for faces in a 
variant of the preferential looking procedure: on a given 
trial two identical pictures of a face are first presented for 
inspection, this stimulus is then paired with another face, 
and the subject's preference is measured by looking time. 
If the subject systematically favours either the familiar or 
the novel face, perceptual discrimination must be present. 
FACE DISCRIMINATION 
Method 
Face discrimination was tested by the computer edition 
of the child and adult version of the Fagan Test for age 2 
years and above (Fagan & Vasen, 1997). Six of the 
subjects in the first study were judged to have sufficiently 
high preferential looking acuity to be tested with the 
facial patterns (6.5 c/deg or better, subjects Nos 2, 3, 7, 8, 
10, 11) but two of these (Nos 8 and 10) moved to another 
part of the country before the Fagan Test was available, 
leaving four subjects with acuities of 9.8 c/deg or better, 
three severely retarded and one profoundly retarded 
patient. This criterion was chosen to avoid confounding 
negative results on perception recognition with poor 
visual acuity; in addition, the Fagan Test is computerized, 
which poses certain practical limitations on testing. 
The Fagan Test consists of 20 novelty tasks, all 
involving comparison of achromatic pictures of human 
faces presented on a computer screen. There are two 
blocks of 10 trials, one testing immediate memory and 
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one testing delayed memory. In the immediate memory 
condition each trial consists of a 5-sec presentation of a 
single face, immediately followed by a 4-sec test 
presentation of the "familiar" face paired with a novel 
face which switch left-right position after 2 sec. In the 
delayed memory condition, the novel face is presented 
together with a face shown on one of the previous trials in 
the first block. At a viewing distance of 55 cm the 
computer screen subtended 30 deg visual angle, the face 
stimuli subtended 13 deg visual angle, and they were 
separated by a 4 deg blank space. 
Visual recognition is measured by the differences in 
looking time between the novel and the familiar face. The 
observer, hidden behind a cardboard screen observes the 
corneal reflections of the targets through a tiny hole, and 
records left or fight looking by pressing one of two mouse 
buttons. Testing was performed by a well-trained 
observer (author LS). Average inter-observer reliability 
of trained observers in recording differential fixation is 
0.94 (Fagan & Detterman, 1992). 
Results and discussion 
The right column in Table 1 shows preference scores 
on the Fagan Test in terms of accumulated looking time 
for new faces in per cent of total looking time. The 
standardization of this test defines 47/53 per cent 
criterion for displayed preference (Fagan et al., 1986). 
Three of the four subjects cored beyond this limit, with 
two subjects (No. 3, profoundly retarded, and No. 7, 
severely retarded) exhibiting a strong preference for 
either the familiar or novel face (33.3 and 57.0% looking 
time) and one subject (No. 2) exhibiting moderate 
preference for the novel face (53.7%). One subject (No. 
11) showed no preference in either direction according to 
the test criteria (48.9%). 
The results indicate that three of the subjects possess 
the perceptual--cognitive skills necessary to discriminate 
and remember human faces, whereas for one subject such 
skills have not been demonstrated. Note, however, that 
the logic of the test only permits affirmative conclusions. 
Strictly speaking, chance performance on the Fagan Test 
does not imply that perceptual discrimination is not 
present, only that it does not turn up in a systematic 
across-trials perceptual preference pattern. However, the 
absence of face preference is an indication that the 
subjects do not possess functional vision despite a 
moderate visual acuity score on the TAC. 
ing-normal visual acuity. While preferential looking 
acuity does not by itself prove the presence of perceptual 
processing, tests of visual recognition carried out on four 
of the subjects gave evidence for perceptual recognition 
in three subjects, and we might suspect similar capacities 
in some of the subjects who were not tested. Since the 
Fagan Test consists of two-stimuli cards, perceptual 
preference must be based on discrimination of facial 
identity or facial expression. This type of perceptual 
performance is beyond blind-sight mediated by sub- 
cortical structures (Weiskrantz, 1986; Ruddock, 1991; 
Stoerig, 1996), and indicates the presence of genuine 
conscious perception. While the TAC results sugggest 
overall better acuities among severely retarded compared 
with profoundly retarded patients, the single patient in the 
latter category tested with the Fagan Test showed clear 
evidence of perceptual recognition. However, our sample 
is too limited to allow any conclusions about the 
relationship between the level of mental retardation and 
visual performance. 
Why were perceptual capacities not previously de- 
tected in these subjects? The main factor of course is that 
these patients are very difficult o test by any type of test, 
and since multi-handicapped subjects frequently are 
passive, lack initiative and do not respond to visual 
stimuli, their behaviour might be misinterpreted as a sign 
of functional blindness. Passivity is typical for blind 
children (Burlingham, 1975; Fraiberg, 1977), but may 
also be a consequence of, for example, disturbed motor 
functions (von Tetzchner et al., 1996), cognitive 
dysfunctions (Mundy & Sigman, 1989) or even emo- 
tional disturbances (Beck et al., 1992; Wells & Mattews, 
1994). More informal observation procedures and 
clinical judgement may fail to identify the cause of 
passivity. Forced-choice preferential looking techniques 
which do not rely heavily on higher-level cognitive 
processes or motor responses would seem to be an ideal 
tool evaluating the sensory capabilities of these patients. 
Combining the TAC with some measure of visual 
discrimination, such as the Fagan test, we can further 
decide if the visual communication channel is open or 
closed. In order to develop efficient habilitation pro- 
grammes for multi-handicapped persons it is necessary to 
be able to differentiate between sensory deficits and other 
factors limiting interaction and behavioural performance. 
TAC and the Fagan test should both be useful tools in this 
process. 
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